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Double-stranded DNA derived from influenza B virus genome RNA segment 8,
which codes for the NS1 and NS2 proteins, was constructed by hybridization of
full-length cDNA copies of RNA segment 8 and of the NS1 mRNA. This DNA
was cloned in plasmid pBR322 and sequenced. The NS1 mRNA (-1,080 viral
nucleotides) contains nonviral nucleotides at its 5' end and is capable of coding for
a protein of 281 amino acids. Sequencing of the NS2 mRNA has shown that it
contains an interrupted sequence of 655 nucleotides and is most likely synthesized
by a splicing mechanism. The first -75 virus-specific nucleotides at the 5' end of
the NS2 mRNA are the same as are found at the 5'-end of the NS1 mRNA. This
region contains the initiation codon for protein synthesis and coding information
for 10 amino acids common to the two proteins. The -350-nucleotide body region
of the NS2 mRNA can be translated in the +1 reading frame, and the sequence
indicates that the NS1 and NS2 protein-coding regions overlap by 52 amino acids
translated from different reading frames. Thus, between the influenza A and B
viruses, the organization of the NS1 and NS2 mRNAs and the sizes of the NS2
mRNA and protein are conserved despite the larger size of the influenza B virus
RNA segment, NS1 mRNA, and NS1 protein.

Although influenza A and B viruses differ in
their epidemiology, immunological specificity,
and several of their biological characteristics
(15), they are in many respects biochemically
similar. Like those of influenza A virus, the
eight single-stranded genome RNA segments of
influenza B virus are transcribed into mRNAs
coding for different virus-specific polypeptides.
The three largest genome RNA segments code
for three polypeptides presumably associated
with polymerase activity (P1l3), and one each of
the remaining segments codes for the hemagglu-
tinin, the neuraminidase, the nucleocapsid pro-
tein, the membrane protein; and a nonstructural
protein (NS1) (2, 7, 10, 25, 28, 35). In addition to
NS1, the eighth and smallest RNA segment of
influenza B virus, like that of influenza A (14,
18), codes also for a second nonstructural pro-
tein, NS2, which is translated from a separate
mRNA and shares no [35S]methionine-contain-
ing tryptic peptides with NS1 (7). The influenza
A virus NS1 and NS2 polypeptides share nine
amino acids at their N termini, and, after the
leader sequence coding for these amino acids,
the NS2 mRNA has an interrupted sequence of
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473 nucleotides before its body which is translat-
ed in the +1 reading frame (20).
We report here the results of cloning and

sequencing studies designed to determine the
precise location on genome RNA segment 8 of
the nucleotide sequences coding for the influen-
za B NS1 and NS2 mRNAs and to investigate
whether the influenza B NS2 mRNA is analo-
gous to that of influenza A virus in having an
interrupted sequence, which would provide fur-
ther evidence that the NS2 mRNAs are pro-
duced by a splicing mechanism.

MATERIALS AND METHODS

Influenza B virus-specific RNA. Influenza B/Lee/40
virus-specific genome RNA from egg-grown virus and
total cytoplasmic mRNA from virus-infected HeLa
cells were purified as described previously (7).

Production of cloned influenza B virus-specific DNA.
A strategy similar to that used to obtain cloned influen-
za A virus-specific DNA (8, 17) was used for influenza
B virus. Influenza B virus-specific mRNA was tran-
scribed with reverse transcriptase by using oligodeox-
ythymidylic acid12_18 as a primer (17). cDNA copies of
genome RNA were synthesized in a similar fashion
after the addition of 30 to 50 adenylic acid residues to
the 3' ends of the molecules by using ATP:RNA
adenyltransferase (33) in 1 min at 37°C in buffer
containing 175 mM NaCl, 50 mM Tris-hydrochloride
(pH 7.9), 10 mM MgCl2, 1 mM MnC12, 500 ~Lg of
bovine serum albumin per ml, 500 ,M ATP, and [(y-
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32P]ATP at 0.2 Ci/mmol. RNA templates were re-
moved by alkaline hydrolysis and subsequent neutral-
ization. cDNA copies were extracted with phenol and
desalted by gel filtration on Sephadex G-50. A total of
15 to 20 deoxycytidylyl residues were added to the 3'
ends of both the (+) and (-) cDNA copies in separate
reactions with terminal transferase (31). Similarly,
deoxyguanidylyl residues were added to PstI-cleaved
pBR322 DNA. Full-length deoxycytidylic acid-tailed
(+)- and (-)-stranded cDNA copies corresponding to
individual genomic RNA segments were selected by
electrophoresis on 4% polyacrylamide gels containing
6 M urea, eluted from the gels (23), and hybridized at
65°C for 3 h in 300 mM NaCI-10 mM Tris-hydrochlo-
ride (pH 7.4)-2 mM EDTA.
Recombinant DNA molecules were constructed by

hybridizing the deoxycytidylic acid-tailed double-
stranded virus-specific cDNAs to deoxyguanidylic
acid-tailed pBR322 DNA, and the resulting molecules
were used to transform Escherichia coli K-12 strain
HB101. Tetracycline-resistant colonies were screened
for influenza B virus-specific sequences (13) by using
individual II-I-labeled influenza B virus genome RNA
segments (7) as probes.

FIG. 1. Translation in vitro of total virus-specific
mRNA after hybridization to virus-specific cDNA
derived from individual bacterial clones. Lane C
shows polypeptides synthesized from mRNA without
the addition of cDNA. Lanes NS7 and M9 show
polypeptides synthesized after hybridization of DNA
derived from clones pBNS7 and pBM9 to mRNA.
Clones pBM9 and pBNS7 were shown to have been
derived from virus RNA segments 7 and 8, respective-
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FIG. 2. Cleavage map and sequencing strategy of cloned B NS DNA. Experimentally derived restriction
endonuclease cleavage sites of the B NS DNA insert from plasmid pBNS7 are shown. The direction of mRNA
transcription is from left to right. The zigzag at each end represents G-C linkers. Nucleotide 1 corresponds to the
3'-terminal nucleotide of the virion RNA. Nucleotides -11 to -1 are nonviral sequences derived from the 5' end
of the cloned mRNA. The arrows represent segments used for sequencing. The foot of each arrow represents the
restriction enzyme site labeled with [y-32P]ATP and polynucleotide kinase. The solid portion of each arrow
represents the length of sequence information read from each segment.
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188 BRIEDIS AND LAMB J. VIROL.

The origin of the influenza B virus-specific cDNA DNA. Clone pBNS7 was identified as containing se-
sequences contained in the individual clones was quences derived from genome segment 8 of influenza
identified by hybrid-arrested translation performed as B virus. Purification of the influenza B nonstructural
described previously (19). Hybridization of an excess DNA (B NS DNA), restriction endonuclease mapping,
of plasmid DNA to total virus-specific mRNA before S1 nuclease mapping, and 5' end labeling were done as
its translation in vitro in the wheat germ cell-free previously described (20). DNA sequencing was per-
system specifically prevented synthesis of the poly- formed as described by Maxam and Gilbert (23, 24),
peptide(s) coded for by the genome RNA segment with minor modifications (20).
from which the cloned DNA was derived. Primer extension of NS2 mRNA for 5' terminal se-

Restriction analysis and sequencing of cloned B NS quencing. Total influenza B virus-specific mRNA was

Non-viral 20 40 60
mRNA STRAND (+) 5' - AGTCTCTCTCG CGCAGAAGCAGAGGATTTATTTAGTCACTGGCAAACGGAAAG ATG GCG GAC MC ATG ACC

N-terminus NO1 and NS,-) Met-Ala-Asp-Asn-Met-Thr-(6

+ 8o 100 120
ACA ACA CAA ATT GAG GTG GGT CCG GGA GCA ACC AAT GCC ACT ATA AAC TTT GAA GCA GGA ATT CTG GAG TGC TAT GM
Thr-Thr-Gln-I le-Glu-Val-Gly-Pro-Gly-Ala-Thr-Asn-Ala-Thr-I le-Asn-Phe-Glu-Ala-Gly-I le-Leu-Glu-Cys-Tyr-Glu- (32 )

140 + 160 180 200
AGG TTT TCA TGG CAA AGA GCC CTT GAC TAT CCT GGT CAA GAC CGC CTA CAC AGA CTA AAA CGA AAA TTA GAA TCA AGA
Arg-Phe- 9-r-Trp-Gln-Arg-Ala-Leu-Asp-Tyr-Pro-Gly-Gln-Asp-Arg-Leu- Iis-Arg-Leu-Lys-Arg-Lys-Leu-Glu- &r-Arg-( 58 )

220 240 260 280
ATA AAG ACT CAC AAC AAG AGT GAG CCT GAG AAT AAA AGG ATG TCT CTT GAA GAG AGA MA GCA ATT GGG GTA MA ATG
Ile-Lys-Thr- Iis-Asn-Lys-a'r-Glu-Pro-Glu-Asn-Lys-Arg-Met- aer-Leu-Glu-Glu-Arg-Lys-Ala-Ile-Gly-Val-Lys-Met-( 84)

ATG AAA GTG CTT CTG TTT ATG GAT CCC TCT GCT GGA ATT GAA GGG TTT GAG CCA TAC TGT GTG MAAT CCC TCA ACT

Met-Lys-Val-Leu-Leu-Phe-Met-Asp-Pro- aer-Ala-Gly-I le-Glu-Gly-Phe-Glu-Pro-Tyr-Cys-Val-Lys-Asn-Pro- ar-Thr- ( 110)

380 400 420 440
AGC MA TGT CCA AAT TAC GAT TGG ACC GAT TAC CCT CCA ACC CCA GGA AAG TAC CTT GAT GAC ATA GAA GAA GAG CCG
L6r-Lys-Cys-Pro-Asn-Tyr-Asp-Trp-Thr-Asp-T'yr-Pro-Pro-Thr-Pro-Gly-Lys-Tyr-Leu-Asp-Asp-Ile-Glu-Glu-Glu-Pro-(136 )

46o 480 500 520
GAA AAT GTC GAT CAC CCA ATT GAG GTA GTA TTA AGG GAC ATG AAC AAT AM GAT GCA CGA CM AAG ATAMG GAT GAA
Gli.-Asn-Val-Asp- ls-Pro-Ile-Glu-Val-Val-Leu-Arg-Asp-Met-Asn-Asn-Lys-Asp-Ala-Arg-Gln-Lys-Ile-Lys-Asp-Glu-( 162

540 560 580 600
GTA AAC ACT CAG MA GAG GGG AAA TTC CGT TTG ACA ATA AAA AGG GAT ATA CGT AAT GTG TTG TCC TTG AGA GTG TTG
Val-Asn-Thr-Gln-Lys-Glu-Gly-Lys-Phe-Arg-Leu-Thr-Ile-Lys-Arg-Asp-I le-Arg-Asn-Val-Leu- ar-Leu-Arg-Val-Leu-( 188)

620 64o 660 680
GTG AAC GGA ACC TTC CTC AAG CAC CCT AAT GGA GAC AAG TCC TTA TCA ACT CTT CAT AGA TTG AAT GCA TAT GAC CAG
Val-Asn-Gly-Thr-Phe-Leu-Lys- las-Pro-Asn-Gly-Asp-Lys- ar-Leu- ar-Thr-Leu- as-Arg-Leu-Asn-Ala-Tyr-Asp-Gln-(214 )

700 720 740 760
AAT GGA GGG CTT GTT GCT AAA CTT GTT GCT ACT GAT GAT CGG ACA GTG GAG GAT GM AAA GAT GGC CAT C6G ATC CTC
Asn-Gly-Gly-Leu-Val-Ala-Lys-Leu-Val-Ala-Thr-Asp-Asp-Arg-Thr-Val-Glu-Asp-Glu-Lys-Asp-Gly- H s-Arg-I le-Leu-( 240)

-. rp-Arg-Met-tys-Lys-Met-Ala-Ile-Gly- ar- Ser (22 )

780 8oo 820 840
MC TCA CTC TTC GAG CGT TTT GAT GM GGA CAT TCA MG CCA ATT CGA GCA GCT GM ACT GCG GTG GGA GTC TTA TCC
Asn- ar-Leu-Phe-Glu-Arg-Phe-Asp-Glu-Gly- as- ar-Lys-Pro-Ile-Arg-Ala-Ala-Glu-Thr-Ala-Val-Gly-Val-Leu- ar-(266)
-Thr- as- ar- ar- ar-Val-Leu-Met-Lys-Asp-Ile-Gln- ar-Gln-Phe-Glu-Gln-Leu-Lys-Leu-Arg-Trp-Glu- &r-Tyr-Pro(48 )

86o 880 900
CAA TTT GGT CAA GAG CAC CGA TTA TCA CCA GAA GAG GGA GAC AAT TAG ACT GGC CAC GGA AGA ACT TTA TCT CTT GAG
Gln-Phe-Gly-Gln-Glu- as-Arg-Leu- ar-Pro-Glu-Glu-Gly-Asp-Asn (281) C-terminus NS
-Asn-Leu-Val-Lys- ar-Thr-Asp-Tyr- as-Gln-Lys-Arg-Glu-Thr-Ile-Arg-Leu-Ala-Thr-Glu-G±u-Leu-Tyr-Leu-Leu- ar(74 )

920 940 960 980

T AM AGA ATT GAT GAT AGT ATA TTG TTC CAC AAA ACA GTA ATA GCT AAC AGC TCC ATA ATA GCT GAC ATG ATT GTA

-Lys_Arg-Ile-Asp-Asp- ar-Ile-Leu-Phe- as-Lys-Thr-Val-Ile-Ala-Asn- ar- ar-Ile-Ile-Ala-Asp-Met-Ile-Val- (99)

1000 1020 1040 1060
TCA TTA TCA TTA CTG GAA ACA TTG TAT GAA ATG AAG GAT GTG GTT GAA GTG TAC AGC AGG CAG TGC TTA TGA ATGTAM

ar-Leu- ar-Leu-Leu-Glu-Thr-Leu-Tyr-Glu-Met-Lys-Asp-Val-Val-Glu-Val-Tyr- ar-Arg-Gln-Cys-Leu (122)
C-terminus NS2

1080 1096
ATMMATCCTCTTGTTACTACT - 3'

FIG. 3. Nucleotide sequence of influenza B virus RNA segment 8 derived from cloned B NS DNA. The
deduced amino acid sequence of polypeptides NS, and NS2 are shown. The arrows after nucleotides 75 and 730
show the probable 5' and 3' splice sites to form the NS2 mRNA. Nucleotide 1 corresponds to the 3' terminal
nucleotide of the virion RNA, but in clone pBNS7 this is a C rather than an A (see text for explanation).
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fractionated on sucrose gradients (7). Fractions con-
taining NS2 mRNA were identified by in vitro transla-
tion, pooled, and hybridized to a 5' singly end-labeled
restriction enzyme fragment of B NS DNA. This
primer was extended with reverse transcriptase, and
the resulting product was purified and sequenced as
described previously (20, 21).

RESULTS
Preparation of cloned B NS DNA. cDNA

strands synthesized separately from genome
RNA and from virus-specific mRNA were hy-
bridized to form influenza B virus-specific DNA
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FIG. 4. Analysis of the influenza B virus NS1 and
NS2 mRNAs by the S1 nuclease technique. Polyade-
nylated mRNAs from influenza B virus-infected HeLa
cells were denatured and allowed to hybridize with
32P-labeled B NS DNA, and the hybridization mix-
tures were treated with S1 nuclease. S1 nuclease-
resistant single-stranded DNA fragments were ana-
lyzed on a 4% polyacrylamide gel containing 9 M urea
after alkali denaturation. Lanes a, b, and c represent
increasing amounts of total mRNA hybridized with a
constant amount of 32P-labeled B NS DNA. Lane d
shows 32P-labeled DNA size markers of the nucleotide
lengths noted. The arrows point to S1 nuclease-resis-
tant DNA segments corresponding to NS1 and NS2
mRNA body regions -1,100 and 360 nucleotides in
length, respectively.

FIG. 5. (A) Polypeptides synthesized in vitro from
virus-specific mRNAs after separation on a sucrose
gradient. Lanes 1, 2, and 3 show polypeptides synthe-
sized from mRNAs from, respectively, the top, mid-
dle, and bottom of the gradient. Lane 4 shows poly-
peptides synthesized from total virus-specific mRNA.
Polypeptides were analyzed on a 17.5% polyacryl-
amide gel. (B) Primer extension of the NS2 mRNA. A
DNA restriction fragment extending from nucleotide
750 to nucleotide 833 and uniquely 5' end labeled at
nucleotide 833 was hybridized to mRNA from gradient
fraction 1 and extended with reverse transcriptase.
Lane 1 shows unextended primer. Lane 2 shows
primer after extension. Lane 3 shows 32P-labeled
marker DNA of the nucleotide lengths noted. Samples
were analyzed on an 8% polyacrylamide gel containing
9 M urea.
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190 BRIEDIS AND LAMB

duplexes. Full-length cDNA copies were select-
ed by gel electrophoresis before hybridization
and cloning at the single PstI site of plasmid
pBR322. Plasmid DNA from positive colonies
was purified, influenza B virus-specific se-
quences were excised with PstI, and the lengths
of the DNA inserts were analyzed on 4% acryla-
mide gels. The length of the influenza B virus
genome RNA segment 8 has been estimated to
be -1,100 nucleotides. All presumptive segment
8-derived cloned DNA inserts contained 1,100-
1,150 nucleotide base pairs including G-C link-
ers, indicating the usefulness of the selection
process for full-length cDNA copies. The lon-
gest DNA inserts corresponding to each genome
RNA segment were tested for genome segment
of origin by hybrid-arrested translation (Fig. 1).
DNA from clone pBNS7 (B NS DNA) was
selected for sequencing.
Complete nucleotide sequence of the influenza

B virus RNA segment 8. A partial restriction
enzyme cleavage map of the B NS DNA was
obtained experimentally (Fig. 2). 5'-Terminally
labeled fragments were prepared and sequenced
by base-specific chemical cleavages (23, 24).
Both strands of the B NS DNA were sequenced,
and all restriction enzyme sites used for se-
quencing were read through on an intact DNA
strand cut at a different position.
The complete sequence of the cloned B NS

DNA is shown in Fig. 3. The B NS DNA
contained a full sequence representation of the
influenza B/Lee/40 RNA segment 8, because
both terminal sequences match those of the 3'
and 5' ends of virion RNA obtained by direct
RNA sequencing (11, 34) and by sequencing of a
cDNA copy of the 3' end of virion RNA (1).
However, at position 1 of the cloned B NS DNA
in the mRNA sense, a C residue was present
instead of the A that would have been expected
given that the 3' terminal nucleotide of the virion
RNA is a U. Since 11 nucleotides were present
between the nucleotide corresponding to the 3'
terminus of the virion RNA and the G-C linker
region, it seems likely that transcription of influ-
enza B virus RNA occurs in a manner similar to
that of influenza A. Transcription of influenza A
virion RNA is primed by cellular mRNAs which
donate their caps and approximately 7 to 15
nucleotides to the 5' ends of the nascent viral
mRNAs, probably initiating transcription at the
second rather than the first nucleotide at the 3'
end of the virion RNA strand and leading to
some heterogeneity among viral mRNAs in the
nucleotide corresponding to that at the 3' end of
virion RNA (5, 6, 9, 12, 16, 21, 26, 29).
RNA segment 8 of influenza B/Lee/40 virus is

1,096 nucleotides long. There is a noncoding
region of 42 viral nucleotides from the 5' end of
the (+) sense DNA strand. The first open read-
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>732+
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FIG. 6. Sequence ofDNA complementaryto the 5'
terminal region of the NS2 mRNA. Base-specific
chemical cleavages are indicated over each lane. The
sequence obtained from the gel is interpreted with the
nucleotides numbered as in Fig. 3. The probable 5' and
3' sites (nucleotides 75 and 731) at which the interrupt-
ed sequence is excised are indicated by an arrow.
Sequence here is complementary to mRNA sense.
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ing frame begins with the initiation codon at
nucleotides 43 through 45 and continues until a
termination codon at nucleotides 886 through
888. A tract of nine adenine residues interrupted
by one thymidine occurs at nucleotides 1,072
through 1,081. By analogy with influenza A
virus (30), this probably represents the poly-
adenylation site for the virus mRNA. Polyade-
nylation at this site would yield an mRNA of
-1,080 viral nucleotides capable of coding for a
protein of 281 amino acids including the initial
methionine. Although this protein size is some-
what smaller than would have been expected
from the Mr of 40,000 estimated for NS1 on the
basis of mobility on polyacrylamide gels, the
size of the mRNA is compatible with the esti-
mated size of the NS1 mRNA as determined by
S1 nuclease mapping experiments (Fig. 4). From
nucleotide 672 there is a second protein-coding
region in the +1 reading frame extending until a
termination codon at nucleotides 1,064 through
1,066, which could code for a protein of 131
amino acids.

Structure of the NS2 mRNA. Because the
influenza A NS2 mRNA contains an interrupted
sequence, experiments were performed to deter-
mine more precisely the nucleotide sequence at
the 5' end of the influenza B NS2 mRNA. S1
nuclease mapping experiments revealed that the
body of the mRNA was -360 nucleotides in
length (Fig. 4). A restriction enzyme fragment of
the B NS DNA extending from nucleotide 750
(HaeIII site) to nucleotide 833 (Hinfl site) and
uniquely 5' end labeled at nucleotide 833 was
prepared and hybridized to sucrose gradient-
purified NS2 mRNA and extended with reverse
transcriptase (Fig. 5). The single-stranded DNA
product of -190 nucleotides was sequenced
(Fig. 6). From the end of the primer fragment at
nucleotide 750, the sequence of the extended
DNA followed that of the genome segment and
the NS1 mRNA until nucleotide 731. At that
point the sequence was interrupted, rejoining
the sequence of the NS1 mRNA at nucleotide
75. The NS2 mRNA therefore has a leader
sequence of -75 viral nucleotides which appear
to be identical with those at the 5' end of the NS1
mRNA, followed by an interrupted sequence of
655 nucleotides and then a body of 350 nucleo-
tides. The sizes would indicate that the NS, and
NS2 mRNAs are probably 3' coterminal. The
exact nucleotide at which the 5' terminal leader
sequence is joined to the body ofthe NS2 mRNA
could not be unequivocally demonstrated by this
experiment because of the repetition of the
nucleotides AG at positions 74 through 75 and
729 through 730. The junction is likely to be
between nucleotides 75 and 731 by analogy to
the consensus sequences at the splicing sites of
intervening regions of eucaryotic mRNAs (22).

Whereas the AG I GTG (I = cleavage) se-
quence at the likely 5' splice terminus is consis-
tent with both the simple and the complicated
proposed consensus sequences, the 3' nucleo-
tides of the intervening sequence of the influen-
za B NS2 mRNA (TGATCGGACAG l T), like
those of the influenza A M2 mRNA (21), do not
contain an immediately adjacent pyrimidine-rich
tract.

DISCUSSION
Comparison of the organization of the non-

structural genes of influenza A and B viruses.
Figure 7 shows a comparison of models for the
organization of the NS, and NS2 mRNAs of
influenza A and B viruses. Despite the greater
length of the genome RNA segment and of the
protein-coding region for the influenza B NS1
protein, the organization and size of the influen-
za B NS2 mRNA and protein-coding region are
remarkably similar to those of the influenza A
NS2 mRNA. This is because the greater length
of the NS1 protein-coding region in influenza B
virus is compensated for by a longer interruption
in the sequence of the NS2 mRNA. The influen-
za B NS2 protein-coding region is longer than
that of influenza A by only a single amino acid
which is coded within the 5' terminal leader
sequence. The virion (-) strand of the B NS
DNA does not contain an open reading frame as
has been found in three of the four influenza A
virus RNA segment 8 sequences which have
been determined (3, 4, 20, 27). The longest open
coding region of the (-) strand of the B NS DNA
is only 77 amino acids long and contains no
methionine residues.

Predicted NS, and NS2 protein sequences. The
calculated Mr for the NS1 protein is 32,026,
which is almost 25% smaller than the 40,000
estimated from the mobility of the protein on
polyacrylamide gels. The NS2 protein is predict-
ed to have an Mr of 14,223, slightly larger than
the 11,500 determined by gel mobility, but re-
markably close to the Mr of 14,216 calculated for
the influenza A NS2 protein (20). After the
initiation codon for protein synthesis, the NS2
leader sequence would code for 10 amino acids
which would be the same as those at the N
terminus of NS1. The body of the NS2 mRNA
would code for an additional 111 amino acids in
the + 1 reading frame, 52 of which would overlap
the NS, protein-coding region (Fig. 7). Although
the NS1 and NS2 proteins would share the same
11 amino acids including an internal methionine
at their 5' termini, the initial trypsin cleavage
site after the 5' terminus is different for the two
proteins confirming that they would not share
[35S]methionine-labeled tryptic peptides as has
been earlier indicated (7).

Studies to compare the level of homology
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FIG. 7. Comparison of models for the arrangement of the NS1 and NS2 mRNAs of the influenza viruses A/
Udorn/72 (20) and B/Lee/40. The thick lines represent protein coding regions, whereas the thin lines represent 5'
and 3' noncoding regions. The line and bar before nucleotide 1 at the 5' termini represent heterogeneous
nucleotides derived from cellular mRNAs. The V-shaped lines in the NS2 mRNAs represent the interrupted
sequences in the translated regions of the NS2 mRNAs. In both cases, the regions of the NS2 mRNAs after the
interruption are translated in reading frames different from those used for NS1. After the interruption, the coding
regions for NS1 and NS2 overlap by 70 and 52 amino acids, respectively, for influenza A and B viruses.

between the nucleotide sequence or the amino
acid sequence of influenza A and B virus NS,
and NS2 proteins are in progress. It has been
found experimentally by hybridization studies
that there is 42% base sequence homology be-
tween RNA segments 8 of influenza A (fowl
plague) and B (Mass/71) viruses (32). By using
complex algorithms we will be able to compute
the degree of homology between the A and B
viruses, but this is complicated by the differing
lengths of the segments and the decision as to
the number of nucleotides to place in a group
and the amount of mismatching permissible
when making comparisons. However, despite
the absence of detailed homology studies, the
similarity in structural arrangement of the influ-
enza A and B virus NS1 and NS2 mRNAs argues
for a definite relationship between the two virus-
es. An interrupted region with nucleotides at li,;
5' and 3' junctions similar to those of the consen-
sus sequences at the splicing sites of eucaryotic

mRNAs (22) is conserved within the NS2
mRNAs of these distantly related viruses. This
would seem to make more likely a splicing
mechanism for the genesis of these mRNAs
rather than such hypothetical mechanisms as a
(-)-stranded RNA segment 8 with an internal
deletion.
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